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SUMMARY

A vane=typeangle+f+xttackindicatorsuitableformeasurementsat
bothsubsonicandsu~rsonicspeedshasbeendevelopedby theNational
AdvisoryConmitteeforAeronatiics.A briefhistoryisgivenofthe
development,anda wind-tunnelcalibrationof theindicatorispre—
sentedtogetherwitha discussionofthecorrectionstobe appliedto
theindicatedreadings.

INTRODUCTION

?

Thepurposeofthis-per isto presenta descriptionofanangle-

-4 of-attackindicatordevelopedin 1948by theNACAforrecordinganglesof
attackat subsonicandsupersonicspeeds.Theinstrumentwasdesigned
by thecooperativeeffoz%softheLangleyPilotlessAircraftResearch
DivisionandtheLangleyInstrumentResearchDivision.Useofthe
indicatorhasbeenlimi~ed
models.However,nobasic
wouldprohibititsusefor

mainlyto experimentsonrocket+ropelled
limitationsareinherentinthedesignwhich
othertestingtechniques.

DIH!KtPTION

A sketchoftheNACAvane-typeang.le+f+ttackindicatoris shown
as figure1. Thtsindicatorconsistsofa conicalbodywitha flat-
platetriangularvansmountedat therearwardpart. Thevaneis
pivotedabouta pointaheadoftheaerodynamiccenterandis statically
balancedaboutthispivotaxissothattheairforcesandmomentswill
causethevaneto float at zeroanglerelativeto thewind. Rotation

h ofthevaneaboutthepivotaxisisconvertedbymeansof pushrodsto
translationofa froncore(alsocountetialanced)whichmovesinside

v %persedesrecentlydeclassifiedNACARML$lF28a,1949.
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an inductancecoil.Theangularpositionofthevauerelativeto the
stingisthenobtainedasa functionofinductance.Thestopsshownin
thesketchlitittherangeoftheinstrument.Withno stopsthe
maximumamgle+f+ttackrangeofthisinstrumentisabouti15°.
Figure2 isa photographoftheangle-of+ttackindicatormountedon
thenoseofa rocket-propelledresearchmodel.

DISCUSSION

Someoftheearlyflighttestsofthisangle-of-attackindicator
mountedinthehigh-speedflowoverthewingof a fighter—typeairplane
andon rocket-propelledmodelsgave-evi-denc”eof a flutterorbuzzingphe-
nomenonoccurringinsomecasesneara Machnumberof 1.0andinonecase
neara Machnumberof 2.0. An investigationofthisbuzzingphenomeno–n
conductedinthe~ey &foot high-speedt~el indicatedthat
buzzingwasduet,oa mechanicalfailureoftheballorpivot-type
bearings.Sincethesetests,allindicatorshavebeenequippedwith
plainsleeve-typebearingsandno furthertroublehasbeenencountered
withflutter.

Aftertheinvestigationofthebuzzingphenomenon,oneo+tbe
indicatorswastestedat zeroangleof yawthroughanangle-of+ttack
rage of-4° to 12°atMachnumbersof0.85, 0.95, andl.20. Theresults
aregiveninfigure3 as a plotoftheangleofattackofthesting
againsttheanglemeasuredby theindicator.Thea~eementbetweenthe
twoaz@es ofattackisbestata Maohnumberof 1.2. Inanycase,how-
ever,withdueconsiderationgivento theaccuracyofthemeasurements,
the dataindicatethat the inst~nt has a calibrationfactorof 1.0.

Measurementsobtainedwiththisangl=f+ttackindicator,first
on specialrocket-propelledtestvehiclesandthenonactualresearch
models,indicatethat,titha symmetrical‘@ carefullybalanced
instrument,reliabledatacanhe obtained.Greatcaremustbe takenin
theconstruction,surfacefinishing,alinernent,andpositioningofthe
indicatorif itisto readabsoluteanglesofattackcorrectly. In any
case,theindicatedvariationsof angleof attackhavebeenshowntobe
verygood.

Figure4 presentsa reproductionofa section of a telemetered
recordof someangle+f+ttackdataobtainedontherocket-propelled
researchmodelshowninfigure2. Thetraceofangleofattackfolluws
thenormalaccelerationwithno apprenttimelag.
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CORRECTIONS

Smallcorrectionsforrateof pitchaboutthecenterof gravitymust
bemadeto theindicatedanglesor attackto convertthemto anglesof
attackatthecenterof gravityofthemodelas showninthefollowing

-.

formula:

where

acg angleof attackat centerof gravityofmodel,deg

ai angleof attackmeasuredby indicator,deg

x distancebetweenaerodynamiccenterof vaneandcenterof
gravityofmodel(positivewhenvaneisaheadof centerof
gravity),ft

v modelvelocity,ft/sec
5

6 pitchingvelocityofmodel

-% Intheusualinstallation,with

aboutitscenter

thevanemounted

of gravity,deg~sec

aheadof thewing-
fuselagecotiination,itmaybe necessaryto makecorrectionsforthe
effectof upwashat 6ubsonicspeeds.Foranygivenconfigurationthis
upwashis a functionof thedistanceofthevaneaheadof thewing–
fuselagecombinationandtheflightMachnumbersuchthatthecorrection
to theindicatedangleof attackdecreaseswithincreasingdistanceand
withincreasingMachnumber.As theMachnumberincreasesto 1.0,the
upwashshoulddecreaseto zero,asno disturbancescanexistaheadof the
wing&uselagecouibinationator abovesonic velocity.Theoreticalmethods
forcalculatingupwashareavailableinreferences1 and2. Calculations
basedon thesetheoriesindicatethat,fora typicalrocket=propelled
researchconfigurationat highsubsonicspeeds,theupwasheffectis
smallifthevaneismountedat least3 or 4 meanwingchordsaheadof
thewingandabout1 bodydiameteraheadof thebody. It isrecommended
that,forsubsonicinstallationsof theangl=f~ttack indicator,the
vanebemountedasfaraheadofthewing<uselagecombinationas is
feasibletominimizetheupwasheffect.
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CONCLUDINGREMARKS

NACATN 3441

A-vane-typeangle-f-attackindicatorsuitableformeasurements
atbothsubsonicandsupersonicspeedshasbeendevelopedby theNACA.
Measurementsmadewiththeindicatormountedonrocket=propelledmodels
indicatethat,ifthefollowingprecautionsareobserved,thevanewill
givereliableresults:

1.Thevaneshouldbemountedasfarforwardofthewingas Is
feasibleto minimizeerrorsduetoupwashatsubsonicspeeds.

2. Careshouldbe usedinthemanufactureandinstallationofthe
vanesothatabsoluteanglesof attackwill_becorrect. . —

3. Correctionsshouldbeappliedforrgteofpitchto theindicated
readings. .

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,June23, 1949.
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“me 2.. T@cal jnatdd.atimof an angl+of+ttack Mcator on a
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Figure4.-!Q_piceJ.telemeteredtraceofangleofattackobtainedwithNACAvane-me
angle-of-alrtacktndicator..


